An integrated hybrid photovoltaic-thermoelectric system has been developed using multiple layers of organic photosensitizers on inorganic semiconductors in order to efficiently convert UV-visible and IR energy into electricity. The hot anode of n-type ZnO nanowires was fabricated using a thermal process on pre-seeded layer and results to be crystalline with a transmittance up to 92 % and a bandgap of 3.32 eV. The visible-UV light-active organic layer was deposited between the anode and cathode at room temperature using a layer-by-layer deposition onto ITO and ZnO and Bi2Te3 nanowires from aqueous solution. The organic layer, a cooperative binary ionic (CBI) solid is composed of oppositely charged porphyrin metal (Zn(II) and Sn(IV)(OH-)2) derivatives that are separately water soluble, but when combined form a virtually insoluble solid. The electron donor/acceptor properties (energy levels, band gaps) of the solid can be controlled by the choice of metals and the nature of the peripheral substituent groups of the porphyrin ring. The highly thermoelectric structure, which acts as a cold cathode, is composed of p-type Bi2Te3 nanowires with a thermoelectric efficiency (ZT) between ~0.7 to 1, values that are twice that expected for bulk Bi2Te3. Efficiency of the integrated device, was found to be 35 at 0.2 suns illumination and thermoelectric properties are enhanced by the charge transfer between the CBI and the Bi2Te3 is presented in terms of photo-and thermogenerated current and advantages of the low cost fabrication process is discussed
INTRODUCTION
Research and development for improving the efficiency and reaching competitive cost/watt values for Photo Voltaic (PVs) is an ongoing process. For example, reducing photon losses, developing novel photovoltaic materials, and new PV designs for solar harvesting are among the few developments. Recently, dye sensitized solar sell (DSSC) came as an alternative option because it is prepared from relative inexpensive materials, and it shows an acceptable efficiency. DSSC differentiate from traditional PVs because incident photon (generally in the UV to visible light spectrum) produces excited carriers in an organic dye molecule. The electrons are injected into an electron collector material and then transported to the anode, while holes are carried away from the dye by a conductive media and collected at the cathode. Research work for DSSC is focused in overcoming technical limitations and improving efficiency, so it can become a competitive option to the more mature PVs technologies. Nanostructures self-assembled from organic molecules are of great interest because of their potential applications in areas such as organic solar cells and electronics, sensors, and catalysis [1] In particular, these organic nanostructures offer new opportunities for mimicking the processes that occur in biological photosynthesis to produce fuels or to produce electrical energy in organic solar cells, and this possibility is especially true when the subunits of these Oxide (AZO) thin films which served as seed layer. The AZO films have been deposited on glass substrates at room temperature by rf magnetron-sputtering using a 2-inchs-diameter sputtering target with 2% Al 2 O 3 -doped ZnO. During the deposition, the working pressure of the chamber was 6 mTorr, the rf power was 400 W and the rate of Ar gas flow was 18 sccm. Typically the AZO thickness was 50 nm. For the growth of ZnO NWs, aqueous solutions were prepared by mixing equal molar ratio 1:1 of zinc nitrate hexahydrate (Zn (NO 3 ) and the metal (Zn and Sn) was possible to obtain different structures with tunable optoelectronic properties. Also the PH of each solution and the temperature were controlled. The CBI we shown in figure 2 were deposited at molecular level using the Araki method [10] . The method consists in dipping the NWs attached to the substrate into one porphyrn and after a drying procedure, dipping again into a different or the same porphyrn. After 2 dipping a bi-layer is formed. After each dipping the sample was dried using N 2 gas. The dipping time was typically 1 minute. The NWs and the CBI were characterized using Transmission Electron Microscopy (TEM) at 75 KeV beam energy and scanning electron microscopy (SEM). UV-VIS absorbance spectra were obtained for the porphyrins and for the CBI structures in order to determine the formation of j-aggregate in the Soret transition. Tapping (non contact) Atomic Force Microscopy (AFM) was obtained on the seeding layer, on the grown NWs before and after the deposition of the. The AFM was also acquired in contact conductive mode to retrieve the optoelectronic properties of the active layer during 0.2 suns illumination. In this set up the substrate was positively biased while a Si coated Pt tip was scanning the sample. Finally the properties of the Bi 2 Te 3 were measured using a homemade cryostat at 10 -6 torr vacuum. The thermoelectric current was measured before and after 1 sun illumination.
RESULTS AND DISCUSSION
CBI materials, such as various combinations of ZnTTPS and SnEtOH have already shown their capability to absorb the light in the UV-VIS generating a pair of hole and electron. The CBI nanosheets formed by ZnTPPS4-and SnTMePyP4+ at room temperature and pH 7 by simply mixing their aqueous solutions are electrical insulators [11] . This in contrast with the photoconducting four-leaf clover-like microstructures formed by ZnTPPS4-and an electronically and structurally very similar Sn porphyrin cation [12] . The different electronic behaviors of these solids are apparently the result of their different crystal structures, i.e., the differing arrangements of the porphyrin ions in the solids. Despite the electrical photoconductivity, the clover like structures are not suitable for thin films application and are far from to be engineered for DSSC due to the surface roughness and non controlled interface among the organic and inorganic materials.
In order to control the interaction between the CBI and the ZnO:Al and the Bi 2 Te 3 NWs we coated the inorganic materials using the Araki method. The UV-VIS absorbance indicates that a main absorbance peak centered at ~ 450 nm with a formation of j-aggregates bands at 615 nm. The formation of j-aggregates lead to think that he CBI is photoncotive [12] . The intensity of the peak at 450 nm increases with the amount of dip coating, indicating that more bilayers (or more CBI) coats the material. However the SEM and the AFM topography images indicates that the CBI forms polycrystalline agglomerates with a very rough surface. Various experiments conducted using different grain size substrates showed that smoother is the substrate smoother is the bi-layer or the CBI material. We also noticed that adding NaCl or lowering the PH of the ZnTTPS porphyrin solution produce smoother layers. Considering that he NWs surface is ex SnEtOH, we were deep c previously w matches the e Fig. 2 . STE (right picture). The ZnO:A turned on as turned on a extrapolated has a thresho The linear in layers are jus figure 2, i.e. measured at
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